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(57) ABSTRACT

Embodiments of the present invention relate to processes
utilized 1n the manufacturing of a semiconductor device
having transistors to achieve high uniformity of threshold
voltages. The invention does so by ensuring high uniformity
of i1mpurity concentration in the substrate. In one
embodiment, a method for manufacturing a semiconductor
device having transistors with high uniformity of threshold
voltages comprises providing a substrate and a source of
impurities, and disposing the substrate and the source of
impurities 1n a first oxygen gas at a first 1nitial temperature
and heated to a first target temperature at a first temperature
rate to drive the impurities 1nto the substrate. The first 1nitial
temperature 1s sufliciently low to prevent the oxygen from
diffusing into the substrate. The substrate 1s disposed 1n a
second oxygen gas at a second 1nitial temperature and heated
to a second target temperature at a second rate to form an
oxide layer on the substrate. The second rate 1s high enough
for rapid formation of the oxide layer on the substrate so as
to prevent the impurities driven into the substrate from
diffusing out from the substrate.

20 Claims, 1 Drawing Sheet
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TRANSISTOR WITH HIGHLY UNIFORM
THRESHOLD VOLTAGE

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority from R.O.C. Patent
Application No. 090123295, filed Sep. 21, 2001, the entire
disclosure of which is 1incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present 1nvention relates to semiconductor manufac-
turing and, more particularly, to improving the uniformity of
substrate impurity concentration, which may be used to form
a transistor with a highly uniform threshold voltage.

Threshold voltages of transistors are seriously affected by
the 1mpurity concentration of the substrate on which the
transistors are formed. A low uniformity of substrate 1mpu-
rity concentration causes a huge variation of the threshold
voltages of the transistors formed on a single watfer.

The 1mpurity concentration uniformity of the substrate
deteriorates easily, for instance, during P-body driving in
and formation of SAC (sacrificial) oxide layers. In the two
processing steps, the waler or substrate 1s disposed in an
oxygen gas at a temperature of 900° C. and heated to 1100°
C. at a rate of 5° C./min. The wafer is distorted due to the
differences between expansion coelilicients of layers on the
waler, whereby the lattice of the silicon substrate 1s enlarged
in some areas on the wafer. This causes the oxygen to ditfuse
into the substrate and decreases the impurity concentration
in those areas. Therefore, the 1impurity concentration of the
substrate 1s non-uniform, which can result 1n a significant
variation of the threshold voltages of the transistors subse-
quently formed on the substrate.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present invention relate to processes
utilized 1n the manufacturing of a semiconductor device
having transistors to achieve high uniformity of threshold
voltages. The 1nvention does so by ensuring high uniformity
of 1mpurity concentration in the substrate. During P-body
driving 1n by heating the substrate and the source of impu-
rities from a first 1nitial temperature to a first target tem-
perature 1n an oxygen gas, the initial temperature 1s set
sufliciently low to prevent the oxygen from diffusing into the
substrate and decrease the impurity concentration. During
the formation of SAC oxide layer by heating the substrate
from a second 1nitial temperature to a second target tem-
perature 1n an oxygen gas, the rate of increasing the tem-
perature 1s set sufficiently high to achieve rapid formation of
the oxide layer on the substrate so as to prevent the 1mpu-
rities driven 1nto the substrate from diffusing out of the
substrate.

In accordance with an aspect of the present invention, a
method for manufacturing a semiconductor device having
transistors with high uniformity of threshold voltages com-
prises providing a substrate and a source of 1impurities, and
disposing the substrate and the source of impurities 1n a first
oxygen gas at a first initial temperature and heated to a first
target temperature at a first temperature rate to drive the
impurities nto the substrate. The first initial temperature 1s
sufliciently low to prevent the oxygen from diffusing into the
substrate. The substrate 1s disposed 1n a second oxygen gas
at a second 1nitial temperature and heated to a second target
temperature at a second rate to form an oxide layer on the
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substrate. The second rate 1s high enough for rapid formation
of the oxide layer on the substrate so as to prevent the
impurities driven into the substrate from diffusing out from
the substrate.

In some embodiments, the substrate 1s a silicon substrate.
The first initial temperature ranges from about 750° C. to
about 850° C. The first rate ranges from about 4° C./min to
about 6° C./min. The first target temperature is about 1100°
C. The second initial temperature ranges from about 850° C.
to about 950° C. The second rate ranges from about 8°
C./min to about 12° C./min. The method may further com-
prise forming a trench in the substrate wherein the oxide
layer 1s formed along sidewalls of the trench. A conducting
layer may be formed on the oxide layer, filling the trench.

In specific embodiments, the second target temperature 1s
about 1100° C. A conducting layer may be formed on the
oxide layer. The conducting layer 1s a polysilicon layer. The
oxide layer 1s a sacrificial oxide layer.

In accordance with another aspect of the present
invention, a method for manufacturing a semiconductor
device comprises providing a substrate and a source of
impurities, and disposing the substrate and the source of
impurities 1n a first oxygen gas at a first 1nitial temperature
and heated to a first target temperature at a first temperature
rate to drive the impurities into the substrate. The first mitial
temperature 1s suificiently low to prevent the oxygen from
diffusing 1nto the substrate.

In some embodiments, the first initial temperature 1s
substantially below 900° C. The first initial temperature
typically ranges from about 750° C. to about 850° C.

In accordance with another aspect of the invention, a
method of forming an oxide layer on a substrate containing
impurities comprises disposing the substrate containing the
impurities 1 a second oxygen gas at a second initial tem-
perature and heated to a second target temperature at a
second rate to form an oxide layer on the substrate. The
second rate 1s high enough for rapid formation of the oxide
layer on the substrate so as to prevent the impurities driven
into the substrate from diffusing out from the substrate.

In some embodiments, the second initial temperature
ranges from about 850° C. to about 950° C., and the second
target temperature is about 1100° C. The second rate is
substantially greater than 5° C./min. The second rate typi-
cally ranges from about 8° C./min to about 12° C./min.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic sectional view of a substrate.

FIG. 1B 1s a schematic sectional view of the substrate of
FIG. 1A with boron 1ons driven into the substrate according
to an embodiment of the present 1nvention.

FIG. 1C 1s a schematic sectional view of the substrate of
FIG. 1B with trenches formed therein.

FIG. 1D 1s a schematic sectional view showing formation
of a sacrificial oxide layer over the trenched substrate of
FIG. 1C according to an embodiment of the present inven-
tion.

FIG. 1E 1s a schematic sectional view 1illustrating the
filling of the trenches of the substrate of FIG. 1D according
to an embodiment of the present 1nvention.

DETAILED DESCRIPTION OF THE
INVENTION

As shown 1 FIG. 1A, a silicon substrate 100 1s provided.

As shown 1n FIG. 1B, a boron material as a source of the
impurities 1s pre-disposed 1n the substrate 100, for 1nstance,
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by diffusion or 10on 1mplantation. The substrate 100 and the
boron material are then disposed 1n an oxygen gas at an
initial temperature and heated to a target temperature. Dur-
ing this process, the boron 10ons are driven into the substrate
100. Unlike 1n the conventional method, the 1nitial tempera-
ture 1s set sufficiently low such that the oxygen does not
diffuse 1nto the substrate 100 and cause nonuniformity in the
impurity concentration in those regions. For example, the
initial temperature is substantially below 900° C. for driving
boron 1nto a silicon substrate, typically ranging from about
750° C. to about 850° C. The silicon substrate 100 is heated
from the 1nitial temperature to a target temperature of about
1100° C. at a rate ranging from about 4° C./min to about 6°
C./min. This 1s typically performed 1in a chamber with a gas
flow controller to control the gas flow and a temperature
controller to adjust the temperature. Thus, the boron 10ns are
driven into the substrate 100, at least substantially without
oxygen diffusion into the substrate to cause nonuniformity in
the boron concentration 1n the substrate 100.

As shown 1n FIG. 1C, the substrate 100 1s etched and one
or more trenches 101 are formed in the substrate 100. The
ctching may be performed 1n the same chamber or a different
chamber which provides the suitable gas flow, temperature,
pressure, and the like.

As shown 1n FIG. 1D, the substrate 100 1s again disposed
In an oxXygen gas at an 1nitial temperature and heated to a
target temperature, to form a sacrificial oxide layer 102 on
the sidewalls of the trenches 101 and the surface of the
substrate 100. In this case, it 1s desirable to prevent the boron
impurities 1 the substrate 100 from diffusing out of the
substrate 100. To do so, the temperature rate from the 1nitial
temperature to the target temperature should be sufficiently
high to cause a rapid formation of the sacrificial oxide layer
102, which serves to block diffusion of the boron impurities
out from the substrate 100. For boron impurities 1 the
silicon substrate 100, the initial temperature typically ranges
from about 850° C. to about 950° C. The silicon substrate
100 1s heated from the initial temperature to a target tem-
perature of about 1100° C. at a rate ranging from about 8°
C./min to about 12° C./min. Thus, the sacrificial oxide layer
102 1s formed on the sidewalls of the trenches 101 and the
surface of the substrate 100. The boron impurities are
prevented from diffusing out from the substrate 100 by the
sacrificial oxide layer 102, due to the rapid formation of the
oxide layer 102 at the temperature rate that 1s substantially
higher than that used 1n the conventional method. In this
example, the temperature rate of about 8° C./min to about
12° C./min 1s twice the conventional temperature rate of
about 4° C./min to about 6° C./min, and is substantially
oreater than 5° C./min.

As shown 1n FIG. 1E, a polysilicon layer 103 1s formed on
the oxide layer 102 filling the trench 101. The polysilicon
layer 103 1s used for a gate.

The processes as described above are typically performed
in one or more process chambers which mnclude systems for
controlling gas flow through the chamber, temperature and
pressure 1n the chamber, and the like. Various chambers
which may be suitable for carrying out the processes of the
present invention are known 1n the art.

The above-described arrangements of apparatus and
methods are merely 1llustrative of applications of the prin-
ciples of this mvention and many other embodiments and
modifications may be made without departing from the spirit
and scope of the invention as defined in the claims. The
scope of the mnvention should, therefore, be determined not
with reference to the above description, but instead should
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be determined with reference to the appended claims along
with their full scope of equivalents.

What 1s claimed 1s:

1. A method for manufacturing a semiconductor device
having transistors with high uniformity of threshold
voltages, the method comprising:

providing a substrate and a source of impurities;

disposing the substrate and the source of impurities 1n a
first oxygen gas at a first initial temperature and heated
to a first target temperature at a first temperature rate to
drive the impurities 1nto the substrate, wherein the first
initial temperature 1s suificiently low to prevent the
oxygen from diffusing into the substrate; and

disposing the substrate 1n a second oxygen gas at a second
initial temperature and heated to a second target tem-
perature at a second rate to form an oxide layer on the
substrate, wherein the second rate 1s high enough for
rapid formation of the oxide layer on the substrate so as
to prevent the impurities driven into the substrate from
diffusing out from the substrate.

2. The method of claim 1 wherein the substrate 1s a silicon
substrate.

3. The method of claim 1 wherein the first 1nitial tem-
perature ranges from about 750° C. to about 850° C.

4. The method of claim 1 wherein the first rate ranges
from about 4° C./min to about 6° C./min.

5. The method of claim 1 wherein the first target tem-
perature is about 1100° C.

6. The method of claim 1 wherein the second initial
temperature ranges from about 850° C. to about 950° C.

7. The method of claim 1 wherein the second rate ranges
from about 8° C./min to about 12° C./min.

8. The method of claim 7 further comprising forming a
trench 1n the substrate wherein the oxide layer i1s formed
along sidewalls of the trench.

9. The method of claim 8 further comprising forming a
conducting layer on the oxide layer, the conducting layer
filling the trench.

10. The method of claim 1 wherein the second target
temperature is about 1100° C.

11. The method of claim 1 further comprising forming a
conducting layer on the oxide layer.

12. The method of claim 11 wherein the conducting layer
1s a polysilicon layer.

13. The method of claim 11 wherein the oxide layer 1s a
sacrificial oxide layer.

14. A method for manufacturing a semiconductor device,
the method comprising:

providing a substrate and a source of impurities; and

disposing the substrate and the source of impurities in a
first oxygen gas at a first initial temperature and heated
to a first target temperature at a first temperature rate to
drive the impurities 1nto the substrate, wherein the first
initial temperature 1s suificiently low to prevent the
oxygen from diffusing into the substrate.

15. The method of claim 14 wheremn the first initial

temperature is substantially below 900° C.
16. The method of claim 15 wherein the first initial
temperature ranges from about 750° C. to about 850° C.

17. A method of forming an oxide layer on a substrate

containing impurities, the method comprising:

disposing the substrate containing the impurities 1n a
second oxygen gas at a second 1nitial temperature and
heated to a second target temperature at a second rate
to form an oxide layer on the substrate, wherein the
second rate 1s high enough for rapid formation of the
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oxide layer on the substrate so as to prevent the 19. The method of claim 17 wherein the second rate 1s

impurities driven 1nto the substrate from diffusing out substantially greater than 5° C./min.

from the substrate. 20. The method of claim 19 wherein the second rate
18. The method of claim 17 wherein the second initial ranges from about 8° C./min to about 12° C./min.

temperature ranges from about 850° C. to about 950° C., and 5
the second target temperature 1s about 1100° C. I
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